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(37) ABSTRACT

A liquid crystal display 1s provided, which includes: a first
panel; a second panel facing the first panel; a liquid crystal
layer interposed between the first panel and the second
panel; a biaxial compensation film disposed on an outer
surface of the first panel; a first polarizing film disposed on
an outer surface of the biaxial compensation film; a C-plate
umaxial compensator disposed on an outer surface of the
second panel and having a horizontal retardation lower than

about 10 nm; and a second polarizing film disposed on an
outer surface of the C-plate uniaxial compensator.
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LIQUID CRYSTAL DISPLAY INCLUDING
COMPENSATION FILM

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present mvention relates to a liquid crystal display,
and in particular, to a liqud crystal display including a
compensation film.

(b) Description of the Related Art

A lhiqud crystal display (“LCD”) includes upper and
lower panels having field-generating electrodes, a liqud
crystal (LC) layer iterposed therebetween, and a pair of
polarizing films attached on outer surfaces of the panels. An
clectric field 1s generated 1n the LC layer by applying electric
voltages to the field-generating electrodes. The intensity of
the electric field 1s adjusted to control orientations of LC
molecules, which determine a polarization of light passing
through the LC layer, and the polanzing films convert the
polarization of the light into the transmittance of the light,
thereby displaying desired images.

A typical LCD includes a common electrode provided on
a panel and a plurality of pixel electrodes provided on
another panel. The common electrode and the pixel elec-
trode generate electric field for re-arranging LC molecules to
control the transmittance of light passing through the panels.
The LCD further includes a plurality of thin film transistors
(TF'Ts) for switching voltages applied to the pixel electrodes.

Among the LCDs, a vertically aligned mode LCD align-
ing the LC molecules vertical to the panels and including
crossed polarizers are increasingly preferred because of 1ts
high contrast ratio and wide viewing angle.

The LCD has a problem of light leakage from a side view,
which deteriorates lateral visibility and narrows lateral view-
ing angle. The lateral light leakage may be caused by two
reasons.

First, although there 1s no retardation from a front view
since light path from the front view coincides with optic axis
of the vertically aligned LC layer, the light path from the
side view 1s oflset from the optic axis and this results 1n the
retardation and the change of the light polarization to vield
light leakage. Second, although the light from the front view
experiences crossed polarization axes, the light from the side
view experiences obliquely intersecting polarization axes to
yield light leakage.

Although the light leakage may be reduced by using
compensation films (or retardation films), the compensation

films are very expensive to icrease the manufacturing cost
of the LCD.

SUMMARY OF THE INVENTION

A liquud crystal display 1s provided, which includes: a first
panel; a second panel facing the first panel; a liquid crystal
layer interposed between the first panel and the second
panel; a biaxial compensation film disposed on an outer
surface of the first panel; a first polarizing film disposed on
an outer surface of the biaxial compensation film; a C-plate
uniaxial compensator disposed on an outer surface of the
second panel and having a horizontal retardation lower than
about 10 nm; and a second polarizing film disposed on an
outer surface of the C-plate uniaxial compensator.

Each of the first and the second polanizing films may
include a polarizing layer and a pair of protective layers,
preferably including TAC having a vertical retardation rang-
ing from about 45 nm to about 65 nm, attached on both
surfaces of the polarizing layer.
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The C-plate uniaxial compensator has a vertical retarda-
tion (R, ,.)) and the biaxial compensation film has a
horizontal retardation Ry ;... @and a vertical retardation
R biaxian, Which preferably satisty:

Rﬂ(biﬂzxiaf)z[o'oozBx(Rrh(c—pfare))E_o'0833}(}2:}1(5—;}3&5&-)
50]+15 nm; and

Ry, (E:vz'axz'-:ﬂ):[o' 0007x(R rh(.:':—p-fare)z_o 9583x Ky, (c-plate)r
165]20 nm.

The C-plate uniaxial compensator includes one or two
TAC films.

The TAC film has a vertical retardation ranging from
about 45 nm to about 55 nm or from about 55 nm to about
65 nm.

For the liquid crystal display including one TAC film
having a vertical retardation ranging from about 45 nm to
about 55 nm, the biaxial compensation film preferably has a
horizontal retardation ranging from about 43 nm to about 73
nm and a vertical retardation ranging ifrom about 95 nm to
about 135 nm when the TAC film has a slow axis parallel to
an absorption axis of the second polarizing film, while the
biaxial compensation film preferably has a horizontal retar-
dation ranging from about 35 nm to about 65 nm and a
vertical retardation ranging from about 95 nm to about 135
nm when the TAC film has a slow axis perpendicular to an
absorption axis of the second polarizing film.

For the liquid crystal display including one TAC {film
having a vertical retardation ranging from about 35 nm to
about 65 nm, the biaxial compensation film preferably has a
horizontal retardation ranging from about 50 nm to about 80
nm and a vertical retardation ranging from about 85 nm to
about 125 nm when the TAC film has a slow axis parallel to
an absorption axis of the second polarizing film, the biaxial
compensation film has a horizontal retardation ranging from
about 35 nm to about 65 nm and a vertical retardation
ranging from about 85 nm to about 125 nm when the TAC
film has a slow axis perpendicular to an absorption axis of
the second polarizing film.

For the ligud crystal display including two TAC films
having a vertical retardation ranging from about 45 nm to
about 55 nm, the biaxial compensation film preferably has a
horizontal retardation ranging from about 65 nm to about 95
nm and a vertical retardation ranging from about 42 nm to
about 82 nm, the biaxial compensation film preferably has a
horizontal retardation ranging from about 45 nm to about 75
nm and a vertical retardation ranging from about 42 nm to
about 82 nm when each of the TAC films has a slow axis
parallel to an absorption axis of the second polarnzing film,
when the TAC films have slow axes parallel to each other
and perpendicular to an absorption axis of the second
polarizing film, and the biaxial compensation film preferably
has a horizontal retardation ranging from about 35 nm to
about 85 nm and a vertical retardation ranging from about 42
nm to about 82 nm when one of the TAC films has a slow
axis parallel to an absorption axis of the second polarizing
film and the other of the TAC films has a slow axis
perpendicular to the absorption axis of the second polarizing

film.

For the liquid crystal display including two TAC films
having a vertical retardation ranging from about 35 nm to
about 65 nm, the biaxial compensation film preferably has a
horizontal retardation ranging ifrom about 80 nm to about
110 nm and a vertical retardation ranging from about 20 nm
to about 60 nm when each of the TAC films has a slow axis
parallel to an absorption axis of the second polarizing film,
the biaxial compensation film preferably has a horizontal
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retardation ranging {from about 55 nm to about 85 nm and a
vertical retardation ranging from about 20 nm to about 60
nm when the TAC films have slow axes parallel to each other
and perpendicular to an absorption axis of the second
polarizing film, and the biaxial compensation film preferably
has a horizontal retardation ranging from about 65 nm to
about 95 nm and a vertical retardation ranging from about 20
nm to about 60 nm when one of the TAC films has a slow
axis parallel to an absorption axis of the second polarizing
film and the other of the TAC films has a slow axis
perpendicular to the absorption axis of the second polarizing,
f1lm.

The first polarizing film may include a polarizing layer
and a light recycling layer combined with the polarizing
layer.

The first polarizing film serves as a polarizer and the
second polarizing film serves as an analyzer, or vice versa.

One of the first and the second panels includes a plurality
of pixel electrodes and a plurality of thin film transistors
connected to the pixel electrodes.

The liquid crystal layer may have a homeotropic align-
ment, and the first and the second panels may include first
and second electrodes, respectively, for generating an elec-
tric field rearranging molecules 1n the liquid crystal layer. At
least one of the first and the second electrodes may have a
cutout.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more apparent by
describing embodiments thereof in detail with reference to
the accompanying drawings 1n which:

FIG. 1 1s a sectional view of an LCD according to an
embodiment of the present invention;

FIG. 2 1s a graph illustrating phase retardations of a
biaxial compensation film as function of a vertical phase
retardation of a C-plate uniaxial compensation film;

FIG. 3 1s a graph showing a contrast ratio (C/R) along a
diagonal direction as function of a viewing angle for various
cases; and

FI1G. 4 1s a graph showing an x color coordinate of a black
state LCD as function of viewing angle for various cases.

DETAILED DESCRIPTION OF EMBODIMENTS

The present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the mvention are shown.
The present invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein.

In the drawings, the thickness of layers, films and regions
are exaggerated for clarity. Like numerals refer to like
clements throughout. It will be understood that when an
clement such as a layer, film, region or substrate 1s referred
to as being “on” another element, 1t can be directly on the
other element or intervening elements may also be present.
In contrast, when an element 1s referred to as being “directly
on” another element, there are no intervening clements
present.

Now, liquid crystal displays according to embodiments of
the present invention will be described with reference to the
accompanying drawings.

FIG. 1 1s a sectional view of an LCD according to an
embodiment of the present invention.

Referring to FIG. 1, an LCD according an embodiment of
the present invention includes a pair of panels 1 and 2 facing
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cach other and separated from each other with a predeter-
mined gap, a liquid crystal (LC) layer 3 filled 1n the gap
between the two panels 1 and 2, a pair of polarizing films
including a polarizer 10 and an analyzer 20 disposed on
outer surfaces on the panels 1 and 2, and a pair of phase
compensation {ilms (or retardation films) 14 and 24 disposed
between the panels 1 and 2 and the polarizing films 10 and
20.

The panel 1 includes a substrate preferably made of
transparent glass, a plurality of gate lines (not shown), a
plurality of data lines (not shown), an array of thin film
transistors (1FTs) (not shown) connected to the gate lines
and the data lines, and an array of pixel electrodes (110)
connected to the TFTs. The TFTs transmit data voltages
from the data lines in response to gate signals from the gate
lines.

The panel 2 includes a substrate (not shown) preferably
made of transparent glass, a black matrix (not shown) having
a plurality of openings facing the pixel electrodes, an array
of color filters (not shown) facing the pixel electrodes, and
a common electrode (210) preferably made of transparent
conductive material such as indium tin oxide (ITO) and
indium zinc oxide (IZ0). However, the black matrix, the
color filters, and/or the common electrode may be provided
on the panel 1.

LC molecules in the LC layer 3 are aligned vertical (or
homeotropical) to the surface of the panels 1 and 2.

The pixel electrodes and/or the common electrode may
have at least one cutout (101, 201) for determining the tilt
directions of the LC molecules.

The exemplary configurations of the panels 1 and 2 and
the LC layer 3 are illustrated in U.S. Patent Application
Publication No. 2002/0145695 A1, which 1s incorporated 1n
this specification by reference.

Each polarizing film 10 or 20 includes a polarizing layer
12 or 22 preferably made of polyvinyl alcohol (PVA) and a
pair of protective layers 13 and 15 or 13 and 23 preferably
made of triacetyl-cellulose (TAC) and attached on both
surfaces of the polarizing layer 12 or 22. The polarizing film
10 or 20 may further include an anti-glare or anti-retlective
layer attached on one of the protective layers 13 and 15 or
13 and 25.

The polarizer film 10 may further include a light recycling
layer (16) combined with the polanizing layer 12. The light
recycling layer preferably includes a commercially available
Dual Brightness Enhancement Film-Diffuse (DBEF-D),
Bepol, or Nipocs.

The polanzing films 10 and 20 preferably have crossed
polarization axes.

The compensation film 14 preferably includes a C-plate

umaxial compensation film or a quasi C-plate uniaxial
compensation film, while the compensation film 24 prefer-
ably 1ncludes a biaxial compensation film.
The compensation film 14 1s preferably made of cheap
and reliable TAC and 1t may have a double-layered structure
including two layers adhering to each other with an adhesive
or including two laminated layers. However, the compen-
sation fllm 14 may be made of another matenial 1nstead of
TAC.

A horizontal phase retardation R, and a vertical phase
retardation R, of a retardation film are defined as R,=(n, -
n,)xd and R, =(n,—(n,+n,)/2)xd, where d 1s the thickness of
a retardation film. Since a C plate has refractive dielectric
anisotropy satistying n,=n >n_ when the z axis 1s defined to
be normal to the surface of the film and n,, n, and n, are
refractive mdices 1 X, y and z directions, respectively, the
horizontal phase retardation R, of the C plate 1s zero. In the
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meantime, a quasi C plate satisfies a relation Rj<10<<R ;. A
TAC film, which has a horizontal and vertical phase retar-
dations R, and R, satistying the relations R,<10 and
SR,<R,,, 1s a quas1 C plate.

The biaxial compensation film 24 satisfies n,=n =n.. The
vertical and the horizontal phase retardations R, and R, of
the biaxial compensation film 24 are determined depending,

on the vertical phase retardation R,, of the compensation
film 14 such that:

Roviaxiary—|V-002 BX(R:h(c?fam))z—o-oog?’ 3XR i (cplate)t

50]+15 nm (1)

R:h(bm:mf):[—o- 0007 x (Rfk(c—pfare))z_o' 9583x
Rpeplareyt165]£20 nm

(2)

Relations 1 and 2, which are obtained from experiments,
give a viewing angle equal to or larger than about 85 degrees
in a direction making an angle of about 45 degrees with the
polarization axes of the polarizing films 10 and 20.

FIG. 2 1s a graph illustrating the phase retardations of the
biaxial compensation film as function of the vertical phase
retardation of the C-plate umaxial compensation film as
shown 1n Relations 1 and 2.

The positions of the C-plate uniaxial compensation film
14 and the biaxial compensation film 24 can be exchanged.

TABLE 1 1illustrates some cases of combinations of the
retardations of the biaxial film and the C-plate, which are
casily obtained.

TABLE 1
Case 1 (Case 2 Case 3 Case 4
Rﬂl(c_Plﬂte) 50 60 100 120
Rocbiaxial) 50 60 70 30
R“rh(bia}:ial) 115 105 62 40

The values 30, 60, 100 and 120 of the vertical phase
retardation R, of the C-plate are chosen because they are
casily realized by using commercially available TAC films.
There are two kinds of the commercially available TAC
films, one having a thickness of 80 microns and a vertical
phase retardation R, of 50 nm and the other having a
thickness of 100 microns and a vertical phase retardation R,
of 60 nm. The retardations of 100 nm and 120 nm are
obtained by using a pair of the TAC films. Here, the TAC
f1lm with the retardation of about 50 nm practically gives the
retardation 1n the range from about 45 nm to about 55 nm,
and similarly, the TAC film the retardation of about 60 nm
practically gives the retardation 1n the range from about 55
nm to about 65 nm.

As described above, the TAC {ilm 1s not an 1deal C-plate
uniaxial film, and 1t gives a horizontal retardation R, of
about 0-10 nm. Considering the non-zero horizontal retar-
dation of the TAC films, the horizontal phase retardation R,
shown 1n TABLE 1 1s vanied. It 1s considered when slow
axes of the TAC films are parallel to and perpendicular to an
absorption axis of the polarizer adjacent thereto.

TABLE 2 illustrates the case that the slow axes of the
TAC films are parallel to the absorption axis of the polarizer.
Since the non-vanishing horizontal retardations R, of the
TAC films deteriorate the viewing angle, 1t 1s preferable that
the horizontal retardation R, of the biaxial film 1s increased.
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TABLE 2

FEasy Axes of TAC//Absorption Axis of Polarizer

One 50 nm One 60 nm Two 530 nm Two 60 nm
TAC TAC TAC TAC
Rth(C_Plafe) 50 60 100 120
RO(bia}{ial) 58 05 80 95
Rincbiaxial) 115 105 62 40

The parallelism between the slow axes of the TAC films
and the absorption axis of the polanizer facilitates the
manufacturing of the polarizer. In detail, since the TAC film
1s rolled along 1its slow axis and the polarizing film 1s rolled
along 1ts absorption axis, the two rolls are aligned 1n parallel
and unrolled to be laminated or attached such that the slow
axis of the TAC film and the absorption axis of the polarizer
are aligned parallel.

Next, the case that at least one of the slow axes of the TAC
films and the absorption axis of the polarizer are perpen-
dicular to each other 1s described.

TABLE 3 illustrates the case with one sheet of TAC film.

Since the non-vanishing horizontal retardation R, of the
TAC film improves the viewing angle, 1t 1s preferable that
the horizontal retardation R, of the biaxial film 1s decreased.

TABLE 3

Slow Axis of TAC L
Absorption Axis of Polarizer

One 50 nm TAC One 60 nm TAC

R’rh(c—plate) 50 60
Rﬂ(bia}{ialj 50 50
R’rh(bia}:ial) 115 105

TABLE 3 shows that a sheet of 60 nm TAC film matches
with a biaxial compensation film of commercially available
Arton with R,=50 and R, =105 or S-cina R,=50 and R, =90.

TABLE 4 illustrates the case with two sheets of TAC
films.

TABLE 4
Two Two Two Two
50 nm TAC 60 nm TAC 50 nm TAC 60 nm TAC
Absorption Absorption  Absorption  Absorption
Axis// Axis// AxisL Axis L
TACIL TACIL TAC1// TAC1//
TAC2 TAC2 TAC?2 TAC2
Rinceplate) 100 120 100 120
Robiaxial) 70 80 60 70
Rin(biaxial) 62 40 62 40
In TABLE 4, “Absorption Axis//TAC11TAC2” means

that the slow axis of one of the TAC films 1s parallel to the
absorption axis of the polarizer, while the slow axis of the

other of the TAC {ilms 1s perpendicular to the absorption axis
of the polarizer, and “Absorption Axis1 TACI1//TAC2”

means that the slow axes of the TAC films are perpendicular
to the absorption axis of the polarizer.

TABLE 5 summarizes TABLEs 1 to 4.
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TABLE 3
C-plate

TAC Biaxial

Type Relation Ry R, Maternal
Case 1l One Abs. Axis//TAC 58 15 115 =20 Arton,
Case 2 50 Abs. Axis1TAC 50 £ 15 115 £20 S-cina,

nm RAC,

TAC etc.
Case 3 One Abs. Axis//TAC 65 = 15 105 = 20
Case 4 60 Abs. Axis1TAC 50 £ 15 105 = 20

nm

TAC
Case 5 Two Abs. Axis//TACL//TAC2 80 +=15 62 = 20
Case 6 50 Abs. Axis1ITAC1/TAC2 60 15 62 = 20
Case 7 nm Abs. Axis// TACILTAC2 70+ 15 62 = 20

TAC
Case 8  Two  Abs. Axis//TAC1/TAC2 9515 40 = 20
Case 9 60 Abs. Axis1ITAC1/TAC2 70 15 40 = 20
Case 10 nm Abs. Axi1s//TACILTAC2 R0 £ 15 40 = 20

TAC

In TABLE 5, “Abs. Ax1s//TAC1//TAC2” means that the
slow axes of the TAC films are parallel to the absorption axis
of the polarizer, “Abs. Axis| TAC1//TAC2” means that the
slow axes of one of the TAC films are perpendicular to the
absorption axis of the polarizer, and “Abs. Axis//
TAC1 1L TAC2” means that the slow axis of one of the TAC
films 1s parallel to the absorption axis of the polarizer, while
the slow axis of the other of the TAC films 1s perpendicular
to the absorption axis of the polarizer.

It 1s noted that TAC shown in TABLE 5 does not include
TAC used as the protection layers 13, 15, 23 and 25. Each
of the TAC layers 13, 15, 23 and 25 may have a vertical
retardation R, ranging from about 45 nm to about 65 nm and
a horizontal retardation R, ranging from about zero to about
10 nm. The TAC layers 13, 15, 23 and 235 have slow axes

parallel to the absorption axes of the respective polarizing
films 10 and 20.

Among the above-arranged ten cases, Cases 1-4 with one
TAC film are advantageous in the manufacturing cost, and
Cases 3 and 4 exhibit a viewing angle and color character-
1stics better than or at least as good as cases using two biaxial
films. In particular, Case 4 shows a viewing angle and color
characteristics better than the cases using two biaxial films.

FIG. 3 1s a graph showing a contrast ratio (C/R) along a
diagonal direction as function of a viewing angle for Cases
3 and 4 and a conventional case using two biaxial films.

Referring to FIG. 3, Case 4 shows the contrast ratio (C/R)
higher than the conventional case for all angles from zero
degrees to about 80 degrees. Although the contrast ratio of
Case 3 1s higher than the conventional one 1n some angular
ranges and it 1s lower than the conventional one in other
angular ranges, the contrast ratio of Case 3 1s equal to or
higher than about 10 for all angular ranges, which 1s
comparable with the conventional case.

FIG. 4 1s a graph showing an x color coordinate of a black

state LCD as function of viewing angle for Cases 3 and 4 and
a conventional case using two biaxial films.

As shown 1n FIG. 4, Cases 3 and 4 exhibit higher x color
coordinates 1n a black state than the conventional case for all
angular ranges. This means that Cases 3 and 4 reduce bluish
phenomenon such that the black states 1n Cases 3 and 4 1s
closer to a perfect black than that in the conventional art.
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The manufacturing cost of the compensation films for the
cases using one C-plate uniaxial film and one biaxial film 1s
cheaper than that for the cases using two biaxial films by
about /1;4 to about /2:3.

While the present invention has been described 1n detail
with reference to the preferred embodiments, those skilled in
the art will appreciate that various modifications and sub-
stitutions can be made thereto without departing from the
spirit and scope of the present invention as set forth in the
appended claims.

What 15 claimed 1s:

1. A liqud crystal display comprising:

a first panel;

a second panel facing the first panel;

a liquid crystal layer interposed between the first panel
and the second panel;

a biaxial compensation film disposed on an outer surface
of the first panel;

a first polarizing film disposed on an outer surface of the
biaxial compensation film;

a C-plate uniaxial compensator disposed on an outer
surface of the second panel and having a horizontal
retardation lower than about 10 nm and

a second polarizing film disposed on an outer surface of
the C-plate uniaxial compensator,

wherein the C-plate uniaxial compensator has a vertical
retardation (R, ._,;..,) and the biaxial compensation
film has a horizontal retardation R ,;,,..., and a vertical
retardation R, ,,...p satistying:

Rﬂ(bimcfczf):[o'oozgx(Rrh(e—pfare)z_o'00833X‘Rrh(c—pfare)+
50]+ . nm; and

Ry, (bfaxfaa:[—o-oomx (R rh(c—pfczre))E_o' 9583x
Rrk(c—pfare)'kl 65] 120 T1IT1.

2. The liquid crystal display of claim 1, wherein each of
the first and the second polarizing films comprises a polar-
1zing layer and a pair of protective layers attached on both
surfaces of the polarizing layer.

3. The liquid crystal display of claim 1, wherein each of
the protective layers comprises TAC.

4. The liguid crystal display of claim 3, wherein the TAC
has a vertical retardation ranging from about 45 nm to about
65 nm.

5. The ligumd crystal display of claim 1, wherein the
C-plate unmiaxial compensator comprises a TAC film.

6. The liquid crystal display of claim 3, wherein the TAC
film has a vertical retardation ranging from about 45 nm to
about 55 nm.

7. The liqud crystal display of claim 6, wherein the TAC
film has a slow axis parallel to an absorption axis of the
second polarnizing film, and the biaxial compensation film
has a horizontal retardation ranging from about 43 nm to
about 73 nm and a vertical retardation ranging from about 95
nm to about 135 nm.

8. The liqud crystal display of claim 6, wherein the TAC
film has a slow axis perpendicular to an absorption axis of
the second polarizing film, and the biaxial compensation
film has a horizontal retardation ranging from about 35 nm
to about 6.5 nm and a vertical retardation ranging from about
95 nm to about 135 nm.

9. The liqud crystal display of claim 5, wherein the TAC
film has a vertical retardation ranging ifrom about 55 nm to
about 65 nm.

10. The liquid crystal display of claim 9, wherein the TAC
film has a slow axis parallel to an absorption axis of the
second polarnizing film, and the biaxial compensation film



us 7,321,411 B2

9

has a horizontal retardation ranging from about 50 nm to
about 80 nm and a vertical retardation ranging from about 85
nm to about 125 nm.

11. The liquad crystal display of claim 9, wherein the TAC
film has a slow axis perpendicular to an absorption axis of
the second polarizing film, and the biaxial compensation
film has a horizontal retardation ranging from about 35 nm
to about 65 nm and a vertical retardation ranging from about
85 nm to about 125 nm.

12. The liquid crystal display of claim 1, wherein the
C-plate uniaxial compensator comprises two TAC films.

13. The liquid crystal display of claim 12, wherein each
of the TAC films has a vertical retardation ranging from
about 45 um to about 55 nm.

14. The liquid crystal display of claim 13, wherein each
of the TAC films has a slow axis parallel to an absorption
axis of the second polarizing film, and the biaxial compen-
sation film has a horizontal retardation ranging from about
65 nm to about 95 nm and a vertical retardation ranging from
about 42 nm to about 82 nm.

15. The liquid crystal display of claim 13, wherein the
TAO films have slow axes parallel to each other and
perpendicular to an absorption axis of the second polarizing,
film, and the biaxial compensation film has a horizontal
retardation ranging from about 45 nm to about 75 um and a
vertical retardation ranging from about 42 nm to about 82
nm.

16. The liquid crystal display of claim 13, wherein one of
the TAC films has a slow axis parallel to an absorption axis
of the second polarizing film, the other of the TAC films has
a slow axis perpendicular to the absorption axis of the
second polarizing film, and the biaxial compensation film
has a horizontal retardation ranging from about 35 nm to
about 85 nm and a vertical retardation ranging from about 42
nm to about 82 nm.

17. The liquid crystal display of claim 12, wherein each
of the TAC films has a vertical retardation ranging from
about 55 nm to about 65 nm.

18. The liquid crystal display of claim 17, wherein the
TAC films have slow axes parallel to each other and per-
pendicular to an absorption axis of the second polarizing
film, and the biaxial compensation film has a horizontal
retardation ranging from about 55 nm to about 85 nm and a
vertical retardation ranging from about 20 nm to about 60
nm.

19. The liquid crystal display of claim 17, wherein one of
the TAC films has a slow axis parallel to an absorption axis
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of the second polanizing film, the other of the TAC films has
a slow axis perpendicular to the absorption axis of the
second polanzing film, and the biaxial compensation film
has a horizontal retardation ranging from about 65 nm to
about 95 nm and a vertical retardation ranging from about 20
nm to about 60 nm.

20. The liquid crystal display of claim 17, wherein each
of the TAC films has a slow axis parallel to an absorption
axis of the second polarizing film, and the biaxial compen-
sation film has a horizontal retardation ranging from about
80 nm to about 110 nm and a vertical retardation ranging
from about 20 nm to about 60 nm.

21. The liquid crystal display of claim 1, wherein the first
polarizing film comprises a polarizing layer and a light
recycling layer combined with the polarizing layer.

22. The liquad crystal display of claim 1, wherein the first
polarizing film serves as a polarizer and the second polar-
1zing {ilm serves as an analyzer.

23. The liquid crystal display of claim 22, wherein the first
panel comprises a plurality of pixel electrodes and a plural-
ity of thin film transistors connected to the pixel electrodes.

24. The liguid crystal display of claim 22, wherein the
second panel comprises a plurality of pixel electrodes and a
plurality of thin film transistors connected to the pixel
clectrodes.

25. The lhiquid crystal display of claim 1, wherein the
second polarizing film serves as a polarizer and the first
polarizing film serves as an analyzer.

26. The liquid crystal display of claim 235, wherein the
second panel comprises a plurality of pixel electrodes and a
plurality of thin film transistors connected to the pixel
clectrodes.

277. The liquid crystal display of claim 25, wherein the first
panel comprises a plurality of pixel electrodes and a plural-
ity of thin film transistors connected to the pixel electrodes.

28. The liquid crystal display of claim 1, wherein the
liquid crystal layer has a homeotropic alignment.

29. The liquid crystal display of claim 28, wherein the first
and the second panels comprise first and second electrodes,
respectively, for generating an electric field rearranging
molecules 1n the liquid crystal layer.

30. The liquid crystal display of claim 29, wherein at least
one of the first and the second electrodes has a cutout.
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